Complex Quality Assurance Methods for Surface Machining  by Kulikov, M.Yu. et al.
 Procedia Engineering  150 ( 2016 )  953 – 958 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.07.069 
ScienceDirect
International Conference on Industrial Engineering, ICIE 2016 
Complex Quality Assurance Methods for Surface Machining 
M.Yu. Kulikov, V.E. Inozemtsev, A.A. Bocharov* 
Moscow State University of Railway Engineering (MIIT), Obraztsova street, building 9, Moscow, 127994, Russia 
Abstract 
This article describes an improved combined method of finishing machining. This surface machining method combines the 
effects of the cutting tool and the anodic dissolution of metal under the influence of an electric current in the electrolyte solution. 
Applying this method to aluminum and copper alloys allows improving the quality of the resulting surface parameters, including 
the special ones.  
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1. Main text  
It is known that mechanical treatment of metal ceramics, aluminum and copper alloys is accompanied by very 
significant changes in the quality parameters of the surface layer of parts, which have a great influence on the 
performance properties [1, 2]. Silumin used in the aviation and automotive industries, have made pistons, crankcases 
and engine block. Porous cermet materials are used for the manufacture of self-lubricating sliding bearing which 
find successful application in household appliances as well as automotive and oil industries. Porous metal-ceramic 
materials also find their use of rail transport, are now widely used in the field of locomotive and railcar for the 
manufacture of anti-friction guides the brake linkage bushes, as well as for parts of friction units in diverters railway
The influence of machining conditions on the quality of the surface layer of detail allows to determine the 
optimum cutting parameters and to increase of a resource for many details.
An investigation of the structure bronze-graphite surface before finishing revealed that bronze-graphite pores are 
irregularly shaped, arranged randomly and unevenly. Pore sizes ranged from 50 to 550 microns. The material has a 
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very loose structure, also have large pores tortuosity observed. At higher magnification, the material structure was 
observed the presence of cracks on the edges of pores, formed as a result of formation of structure and concentration 
of internal stress after sintering bronze-graphite powder. The area between the large pore has a large number of fine 
pores, whose size is 50 microns, and various interporous channels. The shape and contours of the pore craters very 
changes width and depth, and also has different bronze-graphite surface relief in general: in some areas of the 
surface visible predominant concentration of large pores, while other surface areas predominantly predominant pore 
average sizes. Through experimental and practical research, it was confirmed that the pore density of the material is 
about 25%.
The finishing was carried out on screw-cutting lathe marks 16K20PF and implemented incisors of the following 
tool materials: high-speed steel R6M5, hard alloy T5K10, cutting inserts made of ceramic OMT20 VOK75, 
diamond tools, carbide tools are also used with TiN coated. In addition, the abrasion of one of the samples sanded 
SFF U1S 14A, grain 100H-M40 (grain size about 28-40 microns) was made. Cutting was performed with the use of 
dry and lubricating and coolant Ukrinol-1M.
The special quality parameter for cermet materials is the presence of porosity, the density of which is controlled 
after receipt of workpieces by powder metallurgy. The presence of pores on the surface of the sliding bearings is 
ensuring for filling them with grease and implementation process self-lubrication during operation. It is established 
that during the finish machining on the treated surface is then delaying and reducing their density. The treatment 
process is accompanied by substantial changes in the structure of the surface layer parts. The surface before and 
after treatment by steel R6M5 tool is shown below.
 
Fig. 1. (a) The cermet surface BrOGr3N (x50) prior to machining; (b) The cermet surface of the workpiece BrOGr3N (x50); (c) The high-speed 
steel treated without the use of coolant. 
According to the results of processing was detected a change of pore density depending on the type of cutting 
tool material, thus turning at speed bronzografita coolants without steel maximum total porosity was 9.4% of the 
entire volume of the preform, when using coolants - about 14%. For processing by tool from hard alloy cutting fluid 
without porosity was 23.1%, with coolant - 23.6%, but the surface layer structure was heavily damaged. In turning 
ceramics OMT20 best value reached 18.6% porosity for VOK75 - 22%, - 22.8% diamond. More optimal results 
have been achieved when using carbide tools coated with TiN, and an abrasive - 23%. 
The experiment was set significant impact tool material used for the surface roughness is obtained. The 
requirement of roughness of working surfaces for bearings should be Ra 0.63-1.25. According to the results of the 
investigation, the positive values of surface cleanliness observed during a machining of cermet by speed steel tool 
with coolant at speeds up to 17 m / min - Ra 1,205, the most the best result is achieved by machining with ceramic 
OMT20 at speeds up to 130 m / min - Ra 0.39, and hard alloy with TiN coated at speeds up to 150 m / min - Ra 0.4. 
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During the cermet machining by abrasive tool most best indicator roughness was Ra 0.8 at a rate of up to 120 m / 
min. 
It is known that the durability of plain bearings have a dependence from the symbol and distribution of the 
magnitude of the residual stress in the surface layer of plain bearings. With non-destructive testing device residual 
microstrain SITON TEST measured and obtained plots of internal stresses in the surface layer of plain bearings. The 
study was conducted on two samples that were subjected to high-speed machining of steel R6M5 with the same 
velocity, the sample was processed without coolant fluid (Figure 2), another - with coolants, oil-based (Figure 3). 
Voltages were measured on the surface of the part in 9 points. The results showed that the maximum values of 
residual internal compressive stresses arise during machining with coolant and comprise 9223 MPa, when 
processing dry they make 6633 MPa, at the same time, by comparing the values obtained it is seen that at a depth of 
20 microns stresses reach maximum value, increasing toward the surface, which is typical for processing with the 
coolant and without. All tensions has been negative meaning. 
 
Fig. 2. The influence of the surface tension in the details of the cermet at a surface roughness. 
 
Fig. 3. The influence of the surface tension in the details of the cermet at the surface roughness. The machining by high-speed stell tool with a 
coolant. 
For to increase the porosity of sintered cermet materials surface must use rational cutting conditions. It is found 
that the change of porosity in the machining substantially influenced by such factors as the type of material used 
cutting tool, cutting speed, feed, depth of cut, the geometrical parameters of the cutting tool, the presence and type 
of used cooling [5]. Thus, in the study process of cutting bronzografita and iron-graphite revealed that porous 
sintered materials with surface porosity from 18% to 25% of the most efficient is the use of high cutting speeds, the 
use of carbide tool with a coating with a minimum radius of vertices having a minimal rounding of the cutting edge 
[6]. The front and rear corners of the cutting tool must be within the recommended range - respectively Ȗ = 4-5°, Į = 
7-8°, supply should not exceed 0.05 mm/rev, cutting depth should be a minimum, but not less than the amount 
corner radius cutting tool. For finish machining sintered materials it is recommended to use a water-soluble cutting 
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fluids: Ukrinol-1M, 1M-Wells. These measures may be sufficient, if the surface of the resulting porosity and surface 
roughness will be fit the technical requirements to the surface of porous sintered materials. 
The porosity and surface roughness of the finished products listed in the certificate of product quality and their 
performance are fundamental to the quality of anti-friction bushings and bushing surface [7-9]. In practice, not 
always by finishing machining allows obtaine the desired surface roughness, even if in the process of forming the 
porosity requirements. Application of coolants during machining can increase the effect of the change of surface 
roughness and porosity. 
The investigation of the process of the machining of aluminum alloys are engaged many scientists, including 
experts from the University of Clemson in the International Center for Automotive Research [10]; Technological 
University of North Texas Discovery Park [11] and many others. Large range of alloys based on aluminum, the 
amount of which is due to the technological requirements of different levels, it points to the need to identify best 
practices and technological approaches to their treatment, reducing the complexity of the processes by reducing the 
number of operations, the reduction of the basic process time and improving product quality. 
The machining an aluminum-based material is accompanied bullies surface [12], emerging from the cutter, and 
the sticking of material to be removed at the cutting edge of the tool, which reduces the efficiency of the cutting 
process, heat dissipation and increased tool wear. To achieve a high surface quality when cutting Silumins 
recommended to use special inserts with diamond-like carbon coating, and other wear-resistant coatings. In this case 
the tool should have a large rake angle, a small radius of rounding of the cutting edge and a small radius ȡ r top tool. 
To increase the heat dissipation in some cases, when the treatment is carried out thin-walled bushings, it is advisable 
to use the appropriare coolant. Also, in order to reduce the surface roughness can be added to the coolant chemicals 
that reduce the strength of the sacrificial material layer. Thus the anode-machining silumin using caustic soda 
solution yielded a surface roughness Ra 0.6 - 0.7, the cutting speed V was 214 m/min feed S was 0.05 mm/rev depth 
of cut t = 0 5 mm. As a cutting tool used the hard alloy's replaceable plate that having the cup shape. 
Different researches formulated the main provisions and recommendations relating to the determination of 
appropriate treatment regimes, choice of cutting conditions and environmental requirements to be met by the cutting 
tool used. 
There are also non-traditional methods of formation constituting the combined treatment, which may include 
mechanical, electrical, chemical exposure. Combined processing methods have a wide range of managed factors 
affecting the quality level of the formed surface, and are therefore comfortable and efficient in the use in the 
processes of forming parts from hard and inhomogeneous materials. 
There are a variety of ways combined treatment combining methods of treating the surface with a superimposed 
electric field. These include electro chimestry mechanical processing and combined treatment method [13]. This 
method is the surface treatment due to the anodic process, the main types of effects here are the mechanical force 
and chemical. Studies show that combined electro chimestry mechanical processing method is effective to achieve 
the desired surface roughness values of the components of the sintered cermet materials; metal composites, obtained 
by casting; silumin and other materials. 
It was found [14] that the finishing machining is recommended to carry electric current at low densities, so the 
main value when it is executed are the mechanisms of anodic dissolution and mechanical removal of the film 
moving tool. These processes occur mainly on the tops of the microscopic irregularities, which are subject to the 
most intense electrochemical exposure and only for them there is a continuous mechanical removal of the film. In 
the hollows of microscopic irregularities formed a thick layer of film, play a protective role. Taken together, this 
leads to a continuous reduction in roughness, achieving high precision and surface finish. 
Thus, upon processing workpieces of anti-friction bronze graphite bushings by combined way advisable to use a 
process that is action cutting interchangeable carbide plates coated with titanium nitride having a nose radius of not 
more than 0.4 mm, simultaneously etching through the formation of an electrical circuit is closed through the stream 
of aqueous coolant CuSO4 (25%). As a result, the surface roughness obtained was Ra 0.63 – 1.25, which meets the 
technical requirements for the anti-friction bushings surface. For the machining of iron-graphite advisable to use 
iron sulfate how coolant. 
As shown by the results of research, during the anode machining process of cutting silumins the formation of 
oxides on the surface to be treated significantly reduces the flow of electrochemical processes. This is especially 
significant in the anodic dissolution of aluminum alloys having a high oxidation ability. [3] 
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A large effect of electrolyte composition on the electrochemical processing performance [15]. The electrolyte 
used in aqueous solutions of NaCl and NaNO3. The results of the study (Figure 4) forming processes, the most 
effective is the use of 25-30% aqueous solution of sodium chloride, NaCl. Further increasing the concentration of 
NaCl solution for more than 30% reduces the effect of the anodic process to achieve the desired surface roughness. 
According to studies [16, 17] increasing electrolyte concentration increases the viscosity of the electrolyte solution, 
leading to a decrease in productivity of the process of anodic dissolution. 
 
Fig. 4. The influence of electrolyte concentration on the quality of silumin surface. 
The changing of voltage in the electrical circuit during machining also influences the roughness of the machined 
surface. In conducting a research in an electrical circuit value of voltage was varied in the range of 12-24 V. A 
further increase in stress leads to a breakdown in the inter-electrode gap. From these experimental results, it follows 
that an increase in voltage in the circuit allows to reduce roughness. 
Also was found experimentally, that during machining cutting rate's change significantly affects the surface 
roughness of the formed parts. Large aluminum content in the samples studied silumin (about 87%) increases the 
anodic dissolution process rate, so the processing carried out at high speeds using such etching conditions that 
reduce the roughness level. The results showed that the minimum roughness of the machined surface silumin 
achieved at cutting speeds in the range of 200-300 m/min. 
It was also found that the roughness of the machined surface reaches Ra <0,60 microns using 30% aqueous NaCl 
solution at a cutting speed of 250 m/min and a voltage circuit about 24 V. 
2. Conclusions 
The method of electro-chemic mechanical combined machining can control quality parameters in the process of 
forming the surface as a result of contributing to the achievement of the required level of quality parameters of the 
surface layer, including specific indicators of quality that are decisive for the particular category of difficult to 
machine materials. 
As studies have shown, when the anode-machining the optimum cutting speed of 250 m/min. Conducted life tests 
indicate that the reduction in the cutting speed for finishing aluminum alloys reduces tool wear dimensional intensity 
1.5 - 3 times at a much lower surface roughness of the treated (reduced more than twice). From this advantage 
anode-finishing blade machining silumin compared to conventional turning is lower machined surface roughness 
(Ra 0.6 mm against Ra 1.3 mm) at a much lower (1.5 - 3 times) dimensional intensity tool wear, achieved by 
reducing the cutting speed. When using traditional finish turning reaches the minimum roughness Ra 1.25 – 1.3 
microns. Therefore, in this case to achieve a roughness Ra 0,6 micron is necessary to introduce additional 
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technological operations of finishing, which significantly increase the complexity of the entire process of machining 
parts from silumin. 
References
[1] M.Yu. Kulikov, V.E. Inozemtsev, Technological method for the finishing process of fusible alloy Precision Machining VII, in: Proceeding of 
Selected peer reviewed papers from the 7th International Congress of Precision Machining (ICPM 2013). (2013) 224௅228. 
[2] S.S. Cypress, G.A. Libenson, Powder metallurgy, Metals, Moscow, 1980. 
[3] M.Yu. Kulikov, V.E. Inozemtsev, A method of improving the quality of the surface layer by using a combination of mechanical-
elektrohimiicheskoy processing, in: Collection of scientific papers Visoki tenologii in mashinobuduvanni, Kharkiv Polytechnic Institute, 
2012, pp. 168௅170. 
[4] V.E. Inozemtsev, Cermet processing, in: Proceedings of the international scientific-practical conference Fundamental problems of modern 
technology in mechanical engineering. (2010). 
[5] Information on http://minds.wisconsin.edu/bitstream/handle/ 1793/65377/0064-1.pdf?sequence=1. 
[6] Information on http://bookr2.com/viewmanual/197514. 
[11] I.M. Kovensky, V.N. Kuskov, N.N. Prokhorov, Structural transformations in metals and alloys in electrolytic exposure, GNGU, Tyumen, 
2001. 
[12] V.M. Beletsky, G.A. Krivov, The aluminium alloys (composition, properties, technology, applications), Directory, Kominteh, Kiev, 2005. 
[13] B.N. Babich, E.V.Vershinin,V.A. Glebov, The metal powders and powder materials, Directory, Ecomet, Moscow, 2005. 
[14] Information on http://www.clemson.edu/manufacturing- lab/ documents/publications/kuttolamadom%25202010b.pdf. 
[15] Information on http://www.ijastnet.com/journals/Vol_2_No_1_January_2012/13.pdf. 
[16] M.Yu. Kulikov, V.E. Inozemtsev, The investigation of the impact of cutting conditions on the quality of the formation of metal products 
surface finish when turning, The world of transport. 2 (2012) 44௅49. 
[17] V.E. Inozemtsev, The using and processing of sintered metal, The world of transport. 4 (2010) 44௅48. 
[18] A.N. Afonin, E.V. Gaponenko, O.Yu. Erenkov, Advanced engineering technology, Spectr, Moscow, 2012. 
[19] V.N. Poduraev, The cutting of hard materials, Higher School, Moscow, 1974. 
[20] V.E. Inozemtsev, The factors influencing the technological capabilities of sintered metal-ceramic materials, in the process of finishing 
machining, Scientific - Technical Journal Fundamental and applied problems of engineering and technology. 288 (2011) 61௅66. 
[21] V.E. Inozemtsev, M.Yu. Kulikov, The research of influence of conditions of finish machining sintered cermet material formed by the quality 
of the surface, Interuniversity collection of scientific papers of Ivanovo State University: Physics, chemistry and mechanics of tribosystems. 
(2011) 88௅93. 
